We report on the dynamical behavior of defects of strength s = ± 1/2 in a lyotropic liquid crystal during the annihilation process. By following their positions using time resolved polarizing microscopy technique, we present statistically significant evidence that the relative velocity between defect pairs is Gaussian distributed, anti-persistent and long-range correlated. We further show that simulations of the Lebwohl-Lasher model reproduce quite well our experimental findings.
Introduction -The understanding of ordering processes in condensed matter has been the focus of considerable research over the last decades [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . One of the main aspects of the ordering process is the dynamical behavior of defects present in the material. Topological defects appear in several systems that present some kind of ordering [12] [13] [14] [15] [16] [17] . Alloys [18] , semiconductors [19] , polymers [20] and liquid crystals [21, 22] are just a few examples. In particular, optical textures of liquid crystals [23] [24] [25] are known to be an excellent system for studying the dynamical behavior of defects. In fact, there are several studies on the annihilation dynamics of defects in liquid crystals employing thermotropics [7, [26] [27] [28] , thermotropic polyester materials [29] [30] [31] and lyotropic [32] . Moreover, the experimental analysis of annihilation processes has also motivated many numerical simulations [4, 6, 10, 33, 34] .
One of the most striking results of these studies is the scaling law in the relative distance D(t) between defect and anti-defect during the annihilation process, that is,
where t is the remaining time for the annihilation and α is the power law exponent. It is also known that defect and anti-defect present an anisotropic behavior when approaching each other, the defect usually moves faster than the anti-defect [35] [36] [37] [38] [39] . This last aspect has been recently addressed both, experimentally and numerically, by Dierking et al. [40] , for umbilical defects in a thermotropic liquid crystal under applied electric field.
It is surprising that almost no attention has been paid to understand higher order properties of defect trajectories. In this brief report, we fill some of these lacunas by investigating correlational aspects and the velocity distribution of the defects. Specially, we present statically significant evidence that the relative velocity between defects pairs in a lyotropic liquid crystal is Gaussian distributed, anti-persistent and long-range correlated. Furthermore, we
show that these behaviors also appear in our numerical simulations of the Lebwohl-Lasher model [41] by using a Langevin approach [4, 42] . In following, we present the experimental setup used to obtain the liquid crystal textures, the image technique employed to follow the defect motions, the analysis of the experimental data, the Lebwhol-Lasher model used for reproducing our experimental findings and, finally, a summary of our results.
Experimental Setup -The lyotropic system we have studied is a mixture of potassium produce the defects, we have promoted a spontaneous symmetry breaking [21, 43] by raising the temperature of the sample to 50
• Celsius (isotropic region) and suddenly changing it to 25
• Celsius (nematic region). After this temperature change, we first observed colorful domains, and next (≈ 5 hours later) the defects become visible. The defects observed in these samples are characterized by a strength s = ±1/2, since they have two dark branches from a dark point. We thus started to capture snapshots of the evolution of so called "Schlieren"
texture [25, 44] at a sample rate of 15 pictures by hour until the vanishing of all defects in the sample (≈ 20 hours after the phase transition). Data analysis -By using sequences of textures of the annihilation process, we track the motion of the defect pairs using the Lucas-Kanade algorithm [45] . In this algorithm, we give the initial positions of a defect pair in the first image and, it automatically assigns the position of the defects in the subsequent images. Figure 1 (b) shows an example of trajectories of a defect (upper curve) and an anti-defect (bottom curve). We observe that the defect moves about twice the distance of the anti-defect, similarly to the previous-mentioned behavior of umbilical defects in a thermotropic liquid crystal [40] . We have tracked the evolution of defects in 49 annihilations. For sake of definition, let r + (t) = (x + (t), y + (t)) be the position vector of the defect and r − (t) = (x − (t), y − (t)) represents the same for the anti-defect. Here, we focus our analysis on the relative distance in a pair of defects D(t) = r + (t) − r − (t) and also on the relative velocity
. Figure 1 (c) shows the scaling law that characterizes the evolution of the relative distance, that is, D(t) ∼ t α , with α = 0.4 in this case (see Ref. [32] for a more detailed study of this scaling law).
We start our analysis by asking whether the probability distribution of the relative ve- 
and . . . stands for the average value. We observe that the normalized velocities fluctuate around zero with a variance that seems to not depend on the time t. We have evaluated the cumulative distributions of these velocities for all the 49 experimental trajectories, as shown in Figure 2 (b). We note that the distributions exhibit a good collapse and a profile that is quite similar to the Gaussian distribution of zero mean and unitary variance. In fact, the Kolmogorov-Smirnov test cannot reject the Gaussian hypothesis (on a significance level of 95%) in ∼ 80% of the cases. In addition, we remark that the Gaussian distribution describes almost perfectly the average values of these distributions (squares in Fig. 2(b) ). Another interesting question is whether there is long-range memory in the evolution of the velocities ν(t). To investigate this hypothesis, we have analyzed the time series of the normalized velocities via detrended fluctuation analysis (DFA) [47, 48] . In this analysis, we first define the profile Y (i) = i k=1 ν(t k ) − ν(t k ) and, next, we cut Y (i) into N n = N/n nonoverlapping segments of size n, where N is the length of the series (typically N ≈ 200 in our study). For each of these segments, we fit a polynomial trend (here a polynomial of degree 1), which is subtracted from Y (i), defining Y n (i) = Y (i) − p j (i), where p j (i) is the local trend in the j-th segment. We thus evaluate the root-mean-square fluctuation
j is the mean-square value of Y n (i) over the data in the j-th segment. For self-similar time series, F (n) should display a power law dependence on the time scale n, that is, F (n) ∼ n h , where h is the Hurst exponent. In our case, the DFA is shown in Fig. 3 . We have found that the average value of the Hurst exponents over all experimental results is 0.43, where the lower and upper bounds of the 95% confidence interval are 0.40 and 0.46. Our results thus confirm the existence of longrange correlations in the evolution of ν(t). Moreover, since h < 0.5, the velocities present an anti-persistent beaviour where the alternation between large and small values of ν(t) occurs more frequently than by chance. Modeling -We now focus on modeling the previous experimental results. To this end, we have considered the well stablished Lebwohl-Lasher model [41, 42] using a Langevin approach [4] . Differently from the model XY model [4] , which produces defects of strength s = ±1, the planar Lebwohl-Lasher model showed to be able of generating topological defects with the same strength of those ones observed in our lyotropic systems, that is, 
Here, the sum over j is carried out over the eight nearest neighbors of i, η i is a random number with uniform distribution ranging from -0.5 to 0.5, c T is a model parameter for adjusting the noise amplitude and, ∆t = 0.05 is the time increment. In our simulations,
we have used M = 250 and a random initial configuration, where φ i (0) was chosen from a uniform distribution between 0 and 2π. This condition is analogous to the isotropic phase displayed by our lyotropic system at 50
• Celsius. Also, we have chosen c T = 0.7 because this value is below the corresponding one of the phase transition (c T ≈ 2.6); as pointed out previously, the temperature of 25
• Celsius is below the isotropic → nematic transition of our lyotropic system. The simulations typically ran up to τ = 5 × 10 3 and the equivalent to lyotropic textures were obtained by building images where the gray intensity of i-th pixel is proportional to sin 2 (2 φ i ). Figure 4 (a) shows snapshots of one of the 49 annihilation processes obtained through our simulations.
Once we have the simulated textures of the annihilation process (Fig. 4(a) ), we proceed as in the experimental case, that is, we applied the Lucas-Kanade algorithm for tracking the positions of the defects (Fig. 4(b) ) and evaluated the relative distance D(t). As shown in Fig. 4(c) , Lebwohl-Lasher model also generates a power law evolution for the distance D(t)
with the same exponent (α = 0.4) obtained for the lyotropic system ( Fig. 1(a) ). Remarkably, the model reproduces quite well the Gaussian distribution of the normalized velocities ν(t), 
